






















$EVWUDFW *OREDO FRQVWUDLQWV SURYHG WKHPVHOYHV WR EH DQ HIILFLHQW WRRO IRU
PRGHOOLQJ DQG VROYLQJ ODUJHVFDOH UHDOOLIH FRPELQDWRULDO SUREOHPV 7KH\
HQFDSVXODWHDVHWRIELQDU\FRQVWUDLQWVDQGXVLQJJOREDOUHDVRQLQJDERXWWKLVVHW
WKH\ILOWHUWKHGRPDLQVRILQYROYHGYDULDEOHVEHWWHUWKDQDUFFRQVLVWHQF\DPRQJ
WKH VHW RI ELQDU\ FRQVWUDLQWV 0RUHRYHU JOREDO FRQVWUDLQWV H[SORLW VHPDQWLF
LQIRUPDWLRQ WR DFKLHYH PRUH HIILFLHQW ILOWHULQJ WKDQ JHQHUDOLVHG FRQVLVWHQF\
DOJRULWKPV IRU QDU\ FRQVWUDLQWV &RQWLQXHG H[SDQVLRQ RI FRQVWUDLQW
SURJUDPPLQJ &3 WR YDULRXV DSSOLFDWLRQ DUHDV EULQJV QHZ FKDOOHQJHV IRU
GHVLJQ RI JOREDO FRQVWUDLQWV ,Q SDUWLFXODU DSSOLFDWLRQ RI &3 WR DGYDQFHG
SODQQLQJ DQG VFKHGXOLQJ $36 UHTXLUHV G\QDPLF DGGLWLRQV RI QHZ YDULDEOHV
DQGFRQVWUDLQWVGXULQJWKHSURFHVVRIFRQVWUDLQWVDWLVIDFWLRQDQGWKXVLWZRXOG
EHKHOSIXOLIWKHJOREDOFRQVWUDLQWVFRXOGDGRSWQHZYDULDEOHV,QWKHSDSHUZH
JLYH D PRWLYDWLRQ IRU VXFK G\QDPLF JOREDO FRQVWUDLQWV DQG ZH GHVFULEH D
G\QDPLFYHUVLRQRIWKHZHOONQRZQDOOGLIIHUHQWFRQVWUDLQW
.H\ZRUGV SODQQLQJ VFKHGXOLQJ FRQVWUDLQW SURSDJDWLRQ JOREDO FRQVWUDLQWV
DOOGLIIHUHQWFRQVWUDLQW
 ,QWURGXFWLRQ
&RQVWUDLQW SURJUDPPLQJ &3 LV VXFFHVVIXOO\ DSSOLHG WR UHDOOLIH FRPELQDWRULDO





DOOYDULDEOHVLQ WKHSUREOHP7KLV LVGLIIHUHQW IURP WKH WUDGLWLRQDORSHUDWLRQUHVHDUFK
25 DSSURDFKZKHUH WKH ³FRQVWUDLQWV´ ELQG DOO WKH YDULDEOHV DQG WKXV25 VROYLQJ






UHDVRQLQJ FDQ EH YHU\ H[SHQVLYH DQG D VLPSOH PHWKRG RI FRQVWUDLQW SURSDJDWLRQ
SUXQLQJILOWHULQJRUZKDWHYHU\RXFDOOLWFDQUHGXFHWKHVHDUFKVSDFHPRUHHIILFLHQWO\
7KHJRDORIFRQVWUDLQWSURSDJDWLRQ LV WRDFKLHYHVRPH OHYHORIFRQVLVWHQF\ LQ WKH
QHWZRUNRIFRQVWUDLQWVDQGYDULDEOHVE\UHPRYLQJLQFRQVLVWHQWYDOXHVIURPYDULDEOHV

GRPDLQV LQFRQVLVWHQW YDOXHV FDQQRW WDNH SDUW LQ DQ\ VROXWLRQ $FKLHYLQJ D KLJKHU
OHYHO RI FRQVLVWHQF\ OHDGV WR UHPRYLQJ PRUH LQFRQVLVWHQW YDOXHV EXW LW LV PRUH
H[SHQVLYH LQ WHUPVRI WLPHDQGVSDFH&RQVHTXHQWO\DVLPSOHDUFFRQVLVWHQF\RU LWV
JHQHUDOLVHGYHUVLRQIRUQDU\FRQVWUDLQWVLVXVXDOO\XVHG$SSOLFDWLRQRI&3WRPDQ\
UHDOOLIH SUREOHPV VKRZV WKDW D JRRG WUDGHRII EHWZHHQ HIILFLHQF\ DQG OHYHO RI
FRQVLVWHQF\FDQEHDFKLHYHGE\XVLQJJOREDOFRQVWUDLQWVLQVWHDGRIWKHVHWVRIELQDU\
FRQVWUDLQWV>@
$ JOREDO FRQVWUDLQW HQFDSVXODWHV VHYHUDO VLPSOH FRQVWUDLQWV DQG E\ H[SORLWLQJ
VHPDQWLF LQIRUPDWLRQ DERXW WKLV VHW RI FRQVWUDLQWV LW FDQ DFKLHYH EHWWHU SUXQLQJ RI
GRPDLQV )LOWHULQJ DOJRULWKPV IRU JOREDO FRQVWUDLQWV DUH EDVHG RQPHWKRGV RI JUDSK
WKHRU\GLVFUHWHPDWKHPDWLFVRURSHUDWLRQUHVHDUFKVRWKH\PDNHWKHEULGJHEHWZHHQ
WKHVH PDWKHPDWLFDO DUHDV DQG VHDUFKEDVHG FRQVWUDLQW SURJUDPPLQJ ZLWK RULJLQV LQ
DUWLILFLDO LQWHOOLJHQFH +RZHYHU WKH WUDGLWLRQDO JOREDO FRQVWUDLQWV UHTXLUH DOO WKH
FRQVWUDLQHGYDULDEOHVWREHNQRZQEHIRUHWKHFRQVWUDLQWLVSRVWHGWRWKHV\VWHP7KLV
IHDWXUH PDNHV XVLQJ RI JOREDO FRQVWUDLQWV PRUH FRPSOLFDWHG LQ DUHDV ZKHUH QHZ
YDULDEOHV DUH JHQHUDWHG GXULQJ WKH FRXUVH RI VROYLQJ 7KLV GLIILFXOW\ FDQ EH VROYHG
XVLQJGXPP\YDULDEOHVWKDWUHSUHVHQWVORWVIRUYDULDEOHVWRFRPH8QIRUWXQDWHO\WKLV





JOREDO FRQVWUDLQWV WKDW FDQ DGRSW QHZ YDULDEOHV GXULQJ VROYLQJ ,Q 6HFWLRQ  ZH
LQWURGXFH D PRQRWRQLF IHDWXUH RI WKH JOREDO FRQVWUDLQWV DQG WKHQ ZH GHVFULEH KRZ
DUELWUDU\PRQRWRQLFJOREDOFRQVWUDLQWFDQEHDGDSWHGWRDG\QDPLFHQYLURQPHQW7KLV
DSSURDFK LV EDVHG RQ GHDFWLYDWLQJ WKH JOREDO FRQVWUDLQW DQG SRVWLQJ D QHZ JOREDO
FRQVWUDLQWZLWKDQH[WHQGHGVHWRIYDULDEOHV7KLVLVDJHQHUDOPHWKRGEXWLWUHTXLUHV
WKHH[WHQGHGFRQVWUDLQW WREXLOGXSRZQGDWD VWUXFWXUHV IURPVFUDWFK7KHUHIRUHZH
SURSRVH WR LQFOXGH WKH G\QDPLF FKDUDFWHU LQWR WKH ILOWHULQJ DOJRULWKP IRU WKH JOREDO
FRQVWUDLQW ,Q 6HFWLRQ  ZH GHVFULEH VXFK D ILOWHULQJ DOJRULWKP IRU WKH G\QDPLF










+RZHYHU WKH VWDWLF SUREOHP IRUPXODWLRQ LV OHVV DSSURSULDWH IRU SODQQLQJ XQGHU
UHVRXUFH FRQVWUDLQWV >@ ZKHUH WKH DFWLYLWLHV DUH LQWURGXFHG GXULQJ WKH FRXUVH RI
VROYLQJ7KHVWDWLFDSSURDFKZLWKGXPP\DFWLYLWLHVFDQQRWEHXVHGWKHUHEHFDXVHWKH
QXPEHU RI DOWHUQDWLYHV LH WKH QXPEHU RI GXPP\ DFWLYLWLHV LV YHU\ ODUJH ZKLFK
GHFUHDVHV SHUIRUPDQFH DQG VRPHWLPHV LW LV HYHQ LPSRVVLEOH WR JHQHUDWH DOO WKH
DOWHUQDWLYHV GXH WRPHPRU\ UHVWULFWLRQV:HKDYH REVHUYHG VLPLODU GLIILFXOW\ ZKHQ







GHSHQGV RQ DOORFDWLRQ RI RWKHU DFWLYLWLHV &RQVHTXHQWO\ WKHVH DFWLYLWLHV FDQQRW EH
LQWURGXFHGLQDGYDQFHDQGWKHJOREDOFRQVWUDLQWVWKDWLQYROYHWKHPFDQQRWEHSRVWHG
EHIRUH ZH NQRZ DOO WKH LQYROYHG DFWLYLWLHV $JDLQ WKH VWDWLF PRGHO ZLWK GXPP\
DFWLYLWLHVFDQQRWEHXVHGLIWKHQXPEHURIDOWHUQDWLYHVLVODUJH
7\SLFDO H[DPSOHV RI SURFHVVGHSHQGHQW DFWLYLWLHV FDQ EH LGHQWLILHG LQ FKHPLFDO
IRRGRUVWHHOPDNLQJLQGXVWULHVZKHUHLWLVQHFHVVDU\WRLQVHUWVSHFLDOVHWXSFOHDQLQJ












 7\SLFDOO\ WKHVH VRFDOOHG E\SURGXFWV DUH QRW DVVXPHG LQ VFKHGXOLQJ V\VWHPVZKLFKPD\














:KHQ FRQVWUDLQW SURJUDPPLQJ LV DSSOLHG WR VROYLQJ SUREOHPV D WUDGLWLRQDO VWDWLF
IRUPXODWLRQRIWKHSUREOHPLVXVHGILUVWLQWURGXFHDOOWKHYDULDEOHVWKHQSRVWDOOWKH
FRQVWUDLQWV DQG ILQDOO\ ODEHO WKH YDULDEOHV7KLV VFKHPDZRUNV LIZH NQRZQ DOO WKH
REMHFWV LQ DGYDQFH EXW WKH VWDWLF VFKHPD LV OHVV DSSURSULDWH ZKHQ QHZ REMHFWV
YDULDEOHVDQGFRQVWUDLQWVDSSHDUGXULQJ WKHSURFHVVRI YDULDEOH ODEHOOLQJ7KLV LV D












GHVFULEH JOREDO FRQVWUDLQWV ZKHUH LW LV SRVVLEOH WR H[WHQG WKH VHW RI YDULDEOHV




RI JOREDO FRQVWUDLQWV WKDW HQFDSVXODWH D VHW RI ELQDU\ FRQVWUDLQWV OLNH WKH
DOOGLIIHUHQWFRQVWUDLQWVXFKJOREDOFRQVWUDLQWVFDQEHGHFRPSRVHGWRWKHVHWRI
ELQDU\ FRQVWUDLQWV RYHU WKH RULJLQDO YDULDEOHV +RZHYHU WKHUH DOVR H[LVW JOREDO
FRQVWUDLQVZKLFKDUHQRWPRQRWRQLF OLNH WKHDWOHDVWJOREDO FRQVWUDLQW DW OHDVW D
JLYHQ QXPEHURIYDULDEOHV WDNH D JLYHQ YDOXH7R JUDVS IRUPDOO\ WKHPRQRWRQLFLW\
IHDWXUHZHLQWURGXFHPRQRWRQLFJOREDOFRQVWUDLQWV




1RWH WKDW LQ WKH DERYH GHILQLWLRQ DQG LQ WKH HQWLUH SDSHU ZH H[SHFW WKDW JOREDO










FRQVWUDLQWRQO\ LI LW LVDWWKHHQGRIWKHOLVW/,)2SULQFLSOH7RGHILQH WKHG\QDPLF
YHUVLRQ RI WKH JOREDO FRQVWUDLQW JOREBG\Q>;« ;N@ ZH QHHG WKH DOJRULWKPV IRU
DGGLQJDQHZYDULDEOHWRWKHFRQVWUDLQWDQGIRUUHPRYLQJWKHODVWDGGHGYDULDEOHIURP
WKHFRQVWUDLQWXSRQEDFNWUDFNLQJ:KHQDGGLQJUHPRYLQJWKHILUVWYDULDEOHWRIURPWKH
G\QDPLFFRQVWUDLQWZHFDQVNLSVWHSDQG VWHS UHVSHFWLYHO\ LQ WKH IROORZLQJ WZR
DOJRULWKPV1RWHDOVRWKDWWKHDOJRULWKPVZRUNH[SOLFLWO\ZLWKWKHVWDFNVWHSWKLV






















WKLV VHW LV UHPRYHGRQO\ IURPWKHFRQVWUDLQWXSRQEDFNWUDFNLQJ LW LVQRWSRVVLEOH WR
UHPRYHDVLQJOHYDULDEOHIURPWKLVVHWHWF6WLOOWKHUHLVKLGGHQLQHIILFLHQF\
 ZH VWRUH LQWHUQDO UHSUHVHQWDWLRQ RI WKH JOREDO FRQVWUDLQWV DIWHU HDFK YDULDEOH
DGGLWLRQVRZHGXSOLFDWHVRPHGDWDVWUXFWXUHVZKLFKPD\LQFUHDVHVPHPRU\
FRQVXPSWLRQ
 WKH G\QDPLF FRQVWUDLQW DIWHU DGGLQJ D QHZ YDULDEOH PXVW EXLOG LWV LQWHUQDO
UHSUHVHQWDWLRQIURPVFUDWFKZKLFKGHFUHDVHVWLPHHIILFLHQF\
7KHDERYHWZRGLIILFXOWLHVFDQEHHOLPLQDWHG LI WKHJOREDOFRQVWUDLQW LV LPSOHPHQWHG
G\QDPLFDOO\ IURP EHJLQQLQJ LH LI LW DOORZV DGGLQJ QHZ YDULDEOHV DQG UHPRYLQJ
XSRQ EDFNWUDFNLQJ :H EHOLHYH WKDW DW OHDVW VRPH JOREDO FRQVWUDLQWV FDQ













ELQDU\ GLIIHUHQFH FRQVWUDLQWV EHWZHHQ WKH QHZ YDULDEOH ;N DQG DOO WKH SUHYLRXV
YDULDEOHV ;« ;N WKXV WKH DOOGLIIHUHQW FRQVWUDLQW LV PRQRWRQLF  2Q WKH
RWKHU VLGH WKH DOOGLIIHUHQW FRQVWUDLQW FDQ UHPRYH PRUH LQFRPSDWLEOH YDOXHV
WKDQWKHVHWRIELQDU\FRQVWUDLQWVDV)LJXUHVKRZV





7KLV LPSOHPHQWDWLRQ LV EDVHG RQ PDWFKLQJ WKHRU\ LQ SDUWLFXODU RQ PDWFKLQJ RYHU
ELSDUWLWHJUDSKV7KHELSDUWLWHJUDSK IRU WKHDOOGLIIHUHQW FRQVWUDLQW LV FDOOHG D
YDOXHJUDSKDQGLWLVGHILQHGLQWKHIROORZLQJZD\
'HILQLWLRQ  *LYHQ DQ DOOGLIIHUHQW FRQVWUDLQW & WKH ELSDUWLWH JUDSK
*9& 〈;&';&(〉ZKHUH;&LVDVHWRIYDULDEOHVLQ&';&LVDXQLRQRI


















7KH ILOWHULQJ DOJRULWKP IRU WKHDOOGLIIHUHQW FRQVWUDLQW FRPSXWHV WKH PD[LPDO
PDWFKLQJ DQG UHPRYHV HGJHV WKDW DUH QRW SDUW RI DQ\PD[LPDOPDWFKLQJ1RWH WKDW
UHPRYLQJDQHGJH IURP WKHYDOXHJUDSK LV HTXLYDOHQW WR UHPRYLQJDYDOXH IURP WKH
YDULDEOHGRPDLQ0RUHRYHULIWKHPD[LPDOPDWFKLQJGRHVQRWFRYHUDOOWKHYDULDEOHV








7KH SURFHGXUH5(029(('*(6)520* GHOHWHV HYHU\ HGJH WKDW GRHV QRW EHORQJ WR DQ\
PDWFKLQJZKLFKFRYHUV;&6XFKHGJHVDUHIRXQGE\H[SORULQJHYHQDOWHUQDWLQJSDWKV
DQGF\FOHV7KHGHVFULSWLRQRIOLQHDUDOJRULWKPFDQEHIRXQGLQ>@




IDFW WKDWEHIRUH WKHGHOHWLRQ DPDWFKLQJZKLFK FRYHUV;& LV NQRZQ7KH DOJRULWKP
SURSRVHGLQ>@XVHVDIXQFWLRQ0$7&+,1*&29(5,1*;*00ZKLFKFRPSXWHVD
PDWFKLQJ0 ZKLFK FRYHUV;& IURP DPDWFKLQJ0 ZKLFK LV QRW PD[LPDO ,I QR
VXFK PDWFKLQJ H[LVWV WKHQ WKH SURFHGXUH UHWXUQV IDOVH :H SUHVHQW KHUH D VOLJKWO\
VLPSOLILHGYHUVLRQRI WKH DOJRULWKP IURP >@ ZHH[SHFW WKDWZKHQ DQ HGJH ;D LV
UHPRYHG IURP WKH JUDSK WKHQ WKH YDOXH D LV QRW WKH RQO\ YDOXH IRU WKH YDULDEOH;
RWKHUZLVHWKHFRQVWUDLQWWKDWFDXVHVVXFKUHGXFWLRQKDVDOUHDG\IDLOHG7KHDOJRULWKP




























ZKRVH VHW RI YDULDEOHV FDQ EH H[WHQGHG DQG VKUXQN LQ /,)2PDQQHU 7KXV LQ WKH
IROORZLQJZHFRQFHQWUDWHRQWKHDOJRULWKPIRUDGGLQJDQHZYDULDEOHWRWKHFRQVWUDLQW
:H H[SHFW WKDW WKH YDULDEOH FDQ EH UHPRYHG XSRQ EDFNWUDFNLQJ RQO\ DQG WKH
XQGHUO\LQJV\VWHPUHVWRUHVWKHGDWDVWUXFWXUHVWRWKHVWDWHMXVWEHIRUHWKHYDULDEOHZDV
DGGHG
5HPLQG WKDW WKHDOOGLIIHUHQWFRQVWUDLQW LVPRQRWRQLF VRZH FDQ DGG D QHZ




QHZ YDULDEOHV ZLWK YDOXHV ROG RU QHZ WKHUH LV QR QHZ HGJH FRQQHFWLQJ DQ\ ROG
YDULDEOHZLWKDQ\YDOXHZHDUHQRWH[WHQGLQJWKHGRPDLQVRIWKHROGYDULDEOHVVRZH
NHHSPRQRWRQLFLW\
'HILQLWLRQ  /HW 〈; '; (〉 EH D YDOXH JUDSK RI WKH DOOGLIIHUHQW





7KH LPSRUWDQW WKLQJ LV WKDW WKH H[WHQVLRQ RI WKH YDULDEOH VHW GRHV QRW LQIOXHQFH WKH
GHFLVLRQV WDNHQ EHIRUH ,Q SDUWLFXODU LI DQ\ HGJH LV GHOHWHG IURP WKH RULJLQDO YDOXH
JUDSK EHFDXVH LW GRHV QRW EHORQJ WR DQ\PDWFKLQJZKLFK FRYHUV; WKHQ WKLV HGJH
GRHVQRWEHORQJ WR DQ\PDWFKLQJZKLFK FRYHUV;∪< WKH FRQVWUDLQW LVPRQRWRQLF












































%HVLGHV WKH G\QDPLF ILOWHULQJ IRU WKH DOOGLIIHUHQW FRQVWUDLQW SUHVHQWHG LQ
6HFWLRQZHFDQXVHDJHQHULFG\QDPLVDWLRQWHFKQLTXHSURSRVHGLQ6HFWLRQ/HW








YDOXH JUDSK 7KH JUDSK FDQ EH UHSUHVHQWHG E\ WKH VHW RI LWV HGJHV VR WKH VSDFH
FRPSOH[LW\LV2PLH2SG,IDJHQHULFG\QDPLVDWLRQWHFKQLTXHLVXVHGWKHQDQHZ
YDOXH JUDSK LV LQWURGXFHG DQG WKH SUHYLRXV YDOXH JUDSK LV NHSW LQ PHPRU\ DIWHU
DGGLQJDQHZYDULDEOH7KXVVSDFHFRPSOH[LW\RIDGGLQJDQHZYDULDEOHLV2SG
,Q FDVH RI G\QDPLF ILOWHULQJ DOJRULWKP RQO\ QHZ HGJHV DUH DGGHG WR WKH YDOXH
JUDSKZKHQQHZYDULDEOHDUULYHV7KHVHHGJHVFDQRQO\FRQQHFWWKHQHZYDULDEOHZLWK
WKHYDOXHV VRPD[LPDOQXPEHURI QHZHGJHV LVG7KXV VSDFH FRPSOH[LW\ LV2G
SWLPHVEHWWHUWKDQJHQHULFG\QDPLVDWLRQ
7LPHFRPSOH[LW\$FFRUGLQJ WR>@ WLPHFRPSOH[LW\RI$//',)),1,7,$/,6$7,21 LV




RI HGJHV PLVVLQJ LQ WKH PD[LPDO FRYHULQJ WKHVH HGJHV PXVW EH DGGHG WR ILQG D
FRYHULQJZKLFKFRYHUVDOOWKHYDULDEOHV>@1RWHWKDWLIZHDUHDGGLQJDQHZYDULDEOH
WKHQH[DFWO\RQHHGJH LVPLVVLQJ LQ WKHPD[LPDOFRYHULQJ  WKHHGJHFRQQHFWLQJ WKH
QHZ YDULDEOH ZLWK VRPH YDOXH &RQVHTXHQWO\ WLPH FRPSOH[LW\ RI




WKHPDOO WRJHWKHUWLPHFRPSOH[LW\LV2GS√S WKDQDGGLQJ WKHPLQFUHPHQWDOO\RQH
E\ RQH WLPH FRPSOH[LW\ LV2GS 2XU DOJRULWKP VXSSRUWV DGGLQJ PRUH YDULDEOHV




PHWKRGV RI G\QDPLVDWLRQ 1HYHUWKHOHVV QRWH WKDW VRPH V\VWHPV GR QRW VXSSRUW
GHDFWLYDWLQJWKHFRQVWUDLQWIURPWKHFRQVWUDLQWVWRUHWKHFRQVWUDLQWLVUHPRYHGXSRQ
EDFNWUDFNLQJ RQO\ &RQVHTXHQWO\ ZKHQ JHQHULF G\QDPLVDWLRQ LV XVHG WKHQ DOO WKH

























RI WK :RUNVKRS RI WKH 8. 3ODQQLQJ DQG 6FKHGXOLQJ 6SHFLDO ,QWHUHVW *URXS
3/$16,*0LOWRQ.H\QHV8.
 %DUWiN 5'\QDPLF&RQVWUDLQW0RGHOV IRU 3ODQQLQJ DQG 6FKHGXOLQJ3UREOHPV ,Q1HZ










 6LPRQLV + 7UHQGV LQ )LQLWH 'RPDLQ &RQVWUDLQW 3URJUDPPLQJ ,Q 3URFHHGLQJV RI
:RUNVKRS RQ &RQVWUDLQW 3URJUDPPLQJ IRU 'HFLVLRQ DQG &RQWURO &3'&
 *OLZLFH
3RODQG
